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In order %o determine the rossitle role of body cherscteristics in rens
2bility to adart opd asclirctize to hich :1titude cold the rhysicel characteristics
of four grouns of Individuels werc correlated to their body temperature rusnenses
when exrosel to cn smbient teoperature of 1k° €. for two hours 2t en altitude of
3760 rcters. The tody characleristics ciosen for analysis vere, zge, stending
hefcht, sittinc heicht, weicht, & body sat, fat free weinht ond sua ef skinfold.
e four grcuns were U.S. Vhites, Univ.rsity of Cuzco Yhite ond Indian sutdents
and pative Indian villagers.

The results showed sipnificant ossceisticn between body characteristics
eand body teaperztures in ali grouns. Fot zeted as insulaticn in all crouns
and fat frec weicht had very simifisent pisitive effects on total tody heat
content. The totel body hzet content of mitive Indian villasers was nore
sicnifiscatly affected by age thea in cther rrouns end fat-free weickt in this
crour had 2 strons effect co perirhernl body Temperuztures. The result sgree with
+he sugresticn made in the previous prosress repoert that native Imdisn villagers
heve 2 nirher =etabolic resronse to coid stress.

Ceples ¢f this rerori are file@ with famed Scrvices Technicel
Information frency, Arlincton Endl Statien, Arlington 12, Va.,
and r/ be obtained froa that syency by qualiticed investigmtors
working under Govermment conirect.




tudies cver the past tea yaors have shown <hat when indivicduals ere
expcsed to coderate totel tody ccoling, zuch of the individual veriability
in response noy te based cn indiviguel varieticn in body structure end
cozposition (Buskirk ot al. 1963). Since populaticn isolates of man arc
ofter drawaticaily different in dody size and compositicn, zany of the
differences thut Leve dcen reported for porul=ticn isolates may be accounted
for bty these éiffereaces in body structure (Buskirk et al.,196€3, Baker and
otlers, 1963a}. LCespite the fect thet body structure has a significant
effect cn temperature responses during body cooling it cennot be assmmed
tast it has a cimilar effect on 2l) groups. In e study of imericon Negroes
ead Whites it wus found thav body fat seexed to provide lcss insuletiun for
Zzericen Negroes thon it @id €or U.S. ¥Whites (Bzker, 1959). Theoreticolly
other bdody characteristics such as eve, surfece arss, end the cass of active
tissue should also offect tempurature respenses during body cooling.
However studies of these vroblens have so far nroduced meager results {Beker,

1060, Bernstein et al., 1956).

2. Methels
Sezple. In the present report, the data from the four groups of nen
used for studying sdeptation to high altitude ccld in the Andes have been

anelyzed to deterniae for coch group the relotionship between tody charscter-

istics ond teopersture respenses durirg two hours of cooling at 14°C. A&

cxeplete deseription of the four sazples is given in the Annuel Progress

Report, dated Juiy 1, 1962 {Baker, 1963). Briefly, these smmples consisted




of 2 native Righland Peruvian Indians living in traditionsl memner, 12

University cf Cuzec students ci Tepdion derivaticn, 12 University of Cuzeco
students of White deriveticn, and 5 U.S. Vhitec wno had spent three to six
nemthe in the highlands of Peru. Tsble 1 gives thne rvhysical choracteristics
of 4ne four populations.

IABLE )

Heen end Stzadard Deviaticn of Body Charecteristics for Totel Body Conling
Studies

u.S. Cuzco Cuzeo Crinchers
writes Whites Indions Indiens

Heen Heon i Yean S.D. S.D.

Age 20.% 20.3 2.4 5.0 18.0
St. H. 1677.1 1672.0 55.6 1S 45.8
51, E. £92.0 881.5 26,7
B.¥. 60.9 60.9 5.8

9.0 1.8

55.h  L.8

43,3 164

St. K. = Standing peight (=) Percent Tat
Si. #. = Sitting height (rm.) Pat Free Weighkt

B.N. = Weight (ig.) 8, Sf. = Sur of Skinfclds

the two University ¢f Cuzes porulaticns werce csrefully cetched by

selection fer bady chornsteristics cnd 25 ¢ censequence there ore no




sipnificant differences in the reans of the neasurewents of the two
peptlaticns, drwever, steadard devicticas vary slightly perticvlarly thas
¢ stending neight. The Ohinchero Iadiw poruSeticn and the U.S. Write
vepuletion are éifferent from eech other and fror the two student populatioes
in nest choracteristiss. Woile nime of these populaticns is lerge encugh to
be ccasidered representative of thelr respective larger pepulation groups,
tae differences betwcen taen reflect ile directinns of the difforence betuween
the populsticns. Thus, the netive Indiwn pepuloticn is ike shortest of the
groups ond the lightest in body weight; it is glso tie 2cowest in body fat.
The U,S, White peruletisn is substentially taller, Leavier ond fetter thep
the Cuzes student povuleticon. Despite the very swali size cf the U.S. Phite

sanple they are quite close to estinet-s «f body size and cemprsition 2btained

en 2 U.S. ¥hite repuinsticn of copparabie age (Brozek & Hemschel, 156i).

Testing Tondiviens. ALl grouns vere expased pude while lyirg on caavas
ects for tws hours in on ecbient tonpercture of appreximetely 14°C. Exact
Axtoils of scezpersture ¢anditisns sre vresented in the previous feport of
Jely 1, 1963, dewaver, it chould be raltersted that conditicns in the dresang
Y n pracr te the actval o~cling exprsure were not constont ond preduced
significant 2cld stress 5o thct therned equilibriuve cannot be esmumed in these
groups at the teginning of the study.

Of the dody terperature neesurcnents ccllected curing the ccld expesure,
four neasurezents vere selocted for raxdysis in releticn te body structure.
These were: (1) rect:l <erperature, [2) mean weighted skin temperature,

(3) koné teopersture, wng 4) toe temperature. Pectal and mean weighted
skin teuperaturc have baer included because they reprasent the best twe

nepsures «f the oversll thernel charncteristics ~U the individuel. Hend




ard toe tenperature were inciuded beeruse in group cenmrarisons, higher
intergroup veriebility was cnecuntered. Taey zre aiso indicatnrs of
perirlicral nect flow. In the anelysis, phrciccl cherccteristics hove not been
cxmbined into indices, such a8 surface wrea, because such cazkinastions are
atetistically less velid characterizatisns of the body then the raw neosure-
vents. e sttempt was nede to integrate rectel ond skin temperastures into
estizatas of therral insulotion cnd/or total bady heot coatent using

rublissed formvlas © e it is felt that individucl structural differences

are significant in true insulation mnd t~tal body heat content, The col-

cuicticn of cuch velues by foizmules Cerived €an U.S. Fhite groups would

therefore confuse the Znterpretotisn of the results (Buskirk et ol,, 19€3,

Baver, 1958).

3. Results

Li the previous anclysis for groenp differences it was found thot the
twe University pepulations did not significently aiffer from ecch sther
in eay »f The teapersture mecsurenients used for this cnalysis. The White
end Chinchero Indivn groups &id Aiffer from ccch other an freo the
Universaty porulations. TDecpite the lack of significont differences between
the tvo University greups they have not been cerained for this enclysis
since the sivilarity in average response dces nct necessarily simmify o
similority iz the rele of body structure cacructeristics in cocling responses.
Fer exenple, in the previcusiy cited study of Reoro-white diffcrences
in recponse to maderste tetel tody oooling, the tvo grours did not

significantly differ from each other in avercge response. Nevertheless,




iz thet study the onelysis of structure in relation to teaperature indicuted
& significunt dirference in the insuleticn provided by body fot in the two
growns.

The reloticnshin between the physiczl cheracteristics ond the temperature

respensas in the four groups wes wmecsured by the Pearson product-roent =z,

The ccrreleticn enefficients fer ecch »f the tirme irntervals at which tenzercture
peasurerents were zode is showm in Appendix A, Hirh crder correlaticns were
found between nhysical characteristics ead rectal and pmeen weighted skin
tecperatures in the U.S, Wnite groups. Heowever, the very cpall size of this
sauple prevented ‘he majerity of these corrsleticas frear beinp statisticelly
significent. If the correlaticn petterns for all tire intervals ore censidered,
sigrnificunt correlstions exist between fat cnd neen weightel skin tenpereture
with neerly cozparstle correlaticns between fat and rectel temperature, The
roletionship between fat-Iree weight ond rectal temperature is alse kigh
thrsughout the test period, At the erd of two heurs this relaticnship
orovides the nost highly significent c¢orxelatisns. The cerrelations found in
the ¥hite grour egrec with the results >f other studies in thcot they show
bedy fat to be negativaly correleted with skin tenperature while it is
wmsiltively correlnted with rectz) tezvercture. fAit the beginning of the
eccling pericd, steancing height and citting height were highly cerrelzated to
<ce end hand teppereture in e nesstive directicn. Heowever, the correlations
£21) consideradbly below significmat levels et succecding tine intervels,

For the two University student ponpuloticas, corrclations ere generally
of a cuch lower order tian wes found t.r U.S, Whites. Altncugh there eppear
to be scre emsistent petterns, such es a positive relcticnship Yetween fat

and rectal tempersture end e negative relationship between fat and neen weighted
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skin temperature, there arc no Lignificant r's. Mcre significant correiaticns

emerse from the relctionship beiween body stractaze, cué toe end hend

teaserature. The two greups de not cppeer to be similer in this regard., 3y

the end of tae cooling vericd, the Tuzeo Whites show censistently significant
assceistion tetween measures of rat-free weight and body fat with toe
tenpercture. The Cuzeo Indian groun, hovever, fails to spow any positive
assceiction <nd instecd shows et the very end of the ccoling perjod @ highly
significant correletion between age end toe temmerature. hond tempersture
r's gre lcwer, cithougn in the Cuzeo White sample  there is consistent and
imificent associzticn betweon the neasures of body fat end hend tempersture.
Agein thesc are positive os indiccting the higher the bedy fet, the
birher the hand temperature. hzse pe.terns @o not exerge in the Cuzco Indian
Srour.

Seeause 52 tas larcer samplc sife, the Chincherc group is the nost suiteble
¢f the four grours for correliiizn and regressica enclysis. Thms, clthourh
correleticns sre substentinlily lover tlen thsy ere in the U.S. White greurs,
ihore ere norc statistically sienificcn. correletisn ccefficients., In
contrzst to the U.S. White group, tody comrositicn %as a low crder of correlatic.
with rectel and mean weirhted skin tuecrerature, Toe only significent pattern
scens o be & positive assaciztion between the sum of skinfolds and the
rectad tenjerature. Io that this is & pesitive assceiaticn, the results con-
form Lo findizgs ea U3, ¥hites. On the other hand, a hichly signiricent
negasive reletionship beiveen ese and beth rectal and neon weighted skin
tezpersture develops cver the twe hours of csoling. He such essociation with

ege is found in the U.S. White group.




in swrary, the siirde corcelations suerest tint the U.S. Yhites
respond to hirh odtitude cnolinr with tne came rel:vicnship between
vedy siructure ard temrercture os hes been found by other investisators
in centralied lab~arat~ry exrerizents at l-v anltitudes. The two University
zopulatians dc uct seer $o be identical te each other in the relaticnshin
cf boldy siructure to temrernture resrrnses, ncr do they appear to te
identical to eitrer cf the sther twe grouvs. The Chinchero Tndicn sroun
shows o substantinily Gifferent nctiern, vith ace the doninart factor
and toly ecnpesition crperently of less siznificonce to overall tody
cocling, However, the rrours zre not coiparehle to 2och other in body
structure excert for the @0 University ropulations anud the enalysis of
sinple eorrelatioms Coes nct necessori.y shov the accurate pattern since
the mensures of boldy structvre arc jnierrclated. Therefore, an analysis
tased on mwltiple corrclaticn with rorsimeny was undertaken.

The multinle correlation with varsircny teehnique is simply 2
standard nultiple corcelation with a sidbsequent scries of sinple variable
elinzinations fraa consicderaticn of nany inderendent variables to o final
indication of the prire nredicting varizble. By this nethed it is rossible
to determine vhichh of the body structure factors is most sienificent in
relation %o an jpdiviled body tcarersture. hitiple correlation with
rorsineny was used to relete (be physiczl characteristices of ecch ¢rcun

to each of the tenmerature neascrenents., Tadle 2 swmarazes the results

of this anmlysis for sine intervel 120, i.c. the last reasurenent of

temmeratures during the study.




Multiple correlaticn with prrsi~ony
tnalysis of rewuy charecteristies in
reiation %o body temreratures alter
120 minutes of cocling et 1L° €.

Toe a . Reetaol
femperature enpercture Tempereture Skin Texperature

A)3 ckerecteristics
in Tetle } Y k=.69 R=.53 R=,95

Mcst significint k St.E TFW & S.S°5. Ace&FFW St.k., FFY, S, £f,
Veranbics

R=.95 R=.93 R=,98
Prime predictor FFW. r=.50 FFd. r=.92 3.5f. 1=,-83

Cuzco ¥White N=12

All characteristics
Feble 1 = : ; €1
Y

Host significent 3 S,
varigbics

., WE.S.ST.
B=,i8
Prize rredictor i . S5t.H. r=,k0
Surec Irndie:

AlL cheracteristics
in Tadblie 1 =87

Most significent St H.EFFR Age, Si.H., %7,
FFY

=.59 .86

Prine predictor aze 1=,79 5t.45. r=,3% BN

3

r =54
Chinchera

A1) characteristics
in Tenle 2 =,70 R=.56 R=.T4

Hort cignificant Are M. 8Fet  Wt. 3Pt 858, Age,Si.E.%
veriabies S.51,
Re,63 B=.351 R<.73
Pripe predictor s, r=,L8 ¥L. r=,35 hee r=-,€1
Legend St.H. = Standing height (), Si.4. - Sitting heipht (m), B.X. = weismt{ke.)
% B.F. = Ferccat Fet, P.F.H. - Fat Free Weipght, S.5f. = Suc of Skinfolls.
=9~




The notati-n of "all characteristics” refers to a3l tiie body characteristics

shosm in Aupendix A, The selesricn of the secend iten ladled "acst
sizniticant vorichles” is based cr @ screvhist subjective criteriwn,

The s=all sample sizes nade inpossidble the selecticn of tire border line
between sifnificant dreps in R values by rircreus statistical tests.
Thercfora, toe Judrments were erbitrarily mede by insrection. The very

ik R velues skown fer the U, S. Yhite sompie should probebly not be
accented as preot’ of rerfect associztion. An increase in the number of
varingbles zsutcnmeticelly adjusts multirie corrclation Rs to a 2isher value and
whan as peny cheracteristics as were used in this study sre submitted to
cvltiple correleticn, R valves will reack o very kich volue in szell sccples.
Herertheless, the results 2o suscect ~ very hich derree of esscciation
between physical choracteristies and bedy temperature responses in the

U.S. Yhites.

Correlctions of bedy characteristies to tenpersture in the cther

thrce prouns ave ¢f o lover crder, ilcwever, substontially R values cre

obtained ir ncst cases and the consideration rore than cne cheracteristic
st a time improves prediction consiceracly in most instonees, Ccusidering
the snall sanrle size invelved in each of the rroups with the cxception
of Chinchero, ithe major value of the pultipie cerrcletion with rersinomy
frobadly lies not in the derived B velues but in the indication of which
body characteristics are the pricre rredictors of the body tenperatures.
Taole 3 swrerizes for each of the bedy tenmersture nessurenents the rrice
prodicting btody cieracteristic and the next most immnortant contrivutine

cheracteristic.
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Zogn vuem eonsilerin  sie=le ~rine uredictors the linit~ticns
Zangsed B the siall sorrle size chould nct Ye aeglected, Thercfore,
only the censistent and over-2ll trenis should probably be considered
and minor shifts of prinme predictors frcp one tine period to another way
pe considered stutistical artifucts. The resuits of this analysis
indicate scue variation from the conclusions vhich vere derived on
the tasis of simple correlations. In sone Inctances the findings frem
the sizple corrclatiorns were reinforced. For exsmple, in the U. S. thite
semple Tat-free weirht and skian folds remain nichiy sigmificact in relation
to nean weichted skin ond rectsl temperature. The two University studert
ropulations 3o not show consistent differeaces in the prime somtributors
when boldy characteristics ere relnted to rectal or mean weichted skin
temperature by thiz method. Houwever scme differences between the student
¢rouns renzin. Ace appears to be the prime predictor for toe temperzture
in the Iadian stulents vhile tody weight is rore sirnificant in the Wkhite
croup. Weeiher there is o simificence to this Aifference or vhetker
it is siaply the product of rardcen varition cannct be determired until
larper grouss from the sane romuleticns ere stulicd. Yithin the Chinchero
Indian croup multirle correlatioa arain shows aje to be a prize factor in

tze nmeaoure of fctal body hect. If secondary Importance to =ten weigated

skin teaperaturc ard rectai texperature are neasures of body fat. Oa the

other hund, toe and hand teojerztures o not scen to be as sirnificantly
affacted Ly age and nzasures of fatness. Ipstead, tolal body size is
of rrester sirnificance to these body temveraturcs.

Renression Analysis  ilthourh the U.S. Vhite sample is snmall, the

hirn correlations sad confzrmance of findings to yrevious studies

12—




of the.relationship of body fat o body-témperaturas during cooling,
Eaké-lne further enclysis of the relationship, of bedy- structure o
teaperatures useful. Regressions ofieady £at and .at-free 'Jeit-ht to
rectal tenperature chd-mean weighted skin'tempersture ‘are shown in Teble

L.
"‘ah I

‘Rccre..sion.. for predfsting recta:. and
::ce.n vei-;ht(:d .,zin tenneratures froe percent of
fat if the bcdy anad: f'-t-“ree welcht,

U.'S.- ri'hi.-cs

Rectel temterstura

Tire- % Body.Fab recressicn PR, regressicntiaKgs.

RL&" xel:“‘.
Pecta. Terp.
Pectal Tcop.
Reetel. Temp,
Hectod "L.m'
Reetal Tenp,
Roectal Teap.

215x + 97,21 tal Ter; .105x + 92,95
.233x +96,78- . - Termy 01i72
218z +.95.88. > Tetspe = x +'92,53

.230% + 05,61 -Rectal Tenp. = + 91,69
230z + 56,51 Tocted . Temp.: - 91,74
27€x + 60,03 "Rectal Texp. + 89,16,
257x +79€.17 Pectal Teap. 3 190,90,

A !l,ll aun ll

jican Heichted Skia Tenperatura
% Body. Pat rezression F.F.H.. récTession in Xps,

-.38 x + 86,6k MHST =-=015x + 89,13

HALS.T.
: 2 510% + 67,50 ‘4.\1.5.;; ~.121x +'89.€6

T = -.5217 +157.20- s 2, ~A-.106x+88111
.=~ J39% +'06.57 n = -.107x .+ 8517
8.%. = ~15)9x ¥ 1.7 ‘2 . -.115x +:88.99

L5262 + 7.4 LS., = ~.168x + 88.63
MM, = - 55304286, 38‘ 1ILS.T, = =.110x + 88.66

Bosh fetefrod Weight Sad.body Tot show resitive slope ascociction-

'vith, rectal texperature. These slopes are fafrly-steep jndicating a strong
effect of these varicbles upon. rectsl tempersture. Over.thd codling
perdod; froc'the injtial reading to the finol.Tealing, there is en-
incredse n the stecruess.of the Slope; This is not consistent’ fren

cue tine period to the ofher but:it opresrs thot over the total.tice

-13—




period there has been' en incressc in slope. This would-suggsst that
‘botk-fat-free weilht an1'body fat increese in their Sirnificense-in
associsticn Yo Tectel teuperciure @5 the body is flirther, 9éq.].e@~t§y
cold expobire. Thé repressions betveén body fat.md Sat-frec weight, with
zcon weigatel skin teaperdture show the cpposite. slope, tadt is, the
Bizher the'body fat and.the hizher the fat-free weight, the. lover the
skin-tenperature. THis ggrees with prévicus findings ihet fat acts:as
inmdation. The nexetive relationship tétvedn fet-fred weicht end skin
tempereture my te.2 «‘:a.lidr!“‘i:nding or. may sinply te-a product of.the
high corrélation betucen body fet and-fet-free véight-in this suell
sample. Th¢ slopes show a-tendency.to becoze steener. as the cooling tine
increesss, e3ein sugcesting that 2t Jeast body ‘fut has an ihéi'eusm
siraificance to'skin temperature With the passese of time in the cold,.

The tvo.University stulent forilutions were not submitted:to,
regressicn. enclysis.not only because >f.small scunle size Bt also- becanse
there isno corperable nateriel on»larc-:rrgib;mlatiogs.

‘Only in the Chinchero croup is tie suple size.sufficiently

large to rrovide.reéascasble/xacression.slope estinetes. The sicple

correii:ti_cns and the multinle. correlations sugsest that the fat-free

.waight cnd the-nercent of tody fat ara.the two most-sigrificant body
eherasteristies In rclationshinifo the témperaturc.cf the toe. Recressicns

for these two varizhles.ere praseited n TableS.




Tedle 5

Pegressions for :\:e'"ctinr toc tm“era ture:
‘11-0:1 fab-f‘-ee ue.rht»and %.body fat.

Chinchero-Indians

‘F.F.Y, Pecrassion in K- . % Body Fat Recression

Toe_Texp. = .69x + 30.96° 7. Toe Temp. = ~.82x + 72.43° F,
Toe Teng,. & .6b JThO ¥ Toe Ténp. = =.98x + T2.44° F,

= ¥ Toe Temp. 1.05x +.72,11° P,
Toe Terps = oL S F. Toe .Texp. = -.83x +69.24° F.’
Tod Teny .39x + 12, §1°°F, Toe Teop. .66x + 57,78° F.
Do Tonp. = ,32x.+45.60° Toc Deop, = - ubx + 65.54° F,.
Toe Toof. .26y + k8140 ¥ Toe Terp. = =.33x + 64,140 F,

Tae, regression of fat~free veight to toe. tenperature is & positive omé

indicoting that the.larger the mass of the fat-frec body, -the higner

thie toe tompiretures. The-siope-ofithz regressicn decreases through
the cosling pericd-indicating that wits the fessage of tiné in.the cold,
the tat-rree weight gradually loses- zt"» ignif;cgnce to toe te;pemi;ie,
Ti;;s does not:nesn:kovever thet therd is.no ascociation rg%;a}n{h;._.at the
cad of the cooling pericd, ‘Infecd the torrelatisn recains significest
tiroughout: .However, the tse tempersturc:of the lergest mon shows o
grester drop from iaitiel to finbi’»rcm‘.inbsfthnn Ahe tor-tenpereturs of.the
snl'ﬂ.lcrv zan, Toe i‘elntion hip. betvecn bedy fat and tde teoperature is
nc(;._t":e indicating. that thc lu:".-- tha esoust of body fat the icuei- '_tiic
tce tenperature. The ‘sl":.:ec;.‘ci‘ the regression do nat.skow a consis tcnt
trend during the ecling. Inatced:for the first fc;-t;' ainutes the slope

of the regressicn-fnercascs, thersefter it.decrecscs.,




Regressicas. for. hend, te.':;cr..tue'ba«ed £n bady velirkt 2nd sitting

helght ere preseatediin Todle €. These chorse ctoristise ssere ‘chcsen

beceuse of the correlaticn they teor 4o hand torperature ond the

L tie

importance rhovm O mdsiple cerrelation with parsincay,

Poly Heirht Resreéss - Sitting Height in ce.
Hornd Tézm : ‘Mesd Cenp. * J58x + 29.70%7
Hand Ty 5% +-€- Hand Téop, = (Mx +'M4.70
Hang -To Hord'Ter. = .2Tx + 4569
Hdend Tex by - '". Hand Texp, = .35x + 53.03
Eand Taog i Eand Temp. 4€x + 37.39
Hana Ter Hond Tezp. = ,35x + 46.19
Zand Tamp, = .2_:: +.62.72. Hend Temp, .38z + L2084

The bndy welpht-ond sitting height »¢ ::é._':sims?'go hond tenmpernture are
totlt positive, inligsting creater beds woipht and hizfer sitting:height
ere both asscciatel with hishor Zond ‘tompercturss.. In peither.cese

dces tneke arpear £ o consicteat- c.‘.-\;vc 4n the slcpe of thef:'em'cssica

during the ccoiing piricd.

‘Tx-ct..l terporature r'eﬁic‘i'ﬂ is modc an ‘the besis of, ege,ond ‘sun
‘of skin -felds. Tobie 7 j.i"e:‘fvr{*.:‘theﬁo regrezsiond. Age shows & recitive
rcs:g’:si = slere te restnl teope m".:re, i.e. the older the individusl the

2owor thacrectal 'M..,..-...u. <.
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Table T
_ Regressicns Jor predicuing:rectel tenrerature
fren oge and sim of skin. Solds,

Chinchars Indians

Age-in yesrs Sut ¢f Skinfolds -in M.
Heetdl Tenp. = —,0096x + 99.25° F 'Rectal Temp. = .018x + 98.29° F
Rectel-Tenp. . +93.25- Rectal- Tenp, =:.920x.+ 98.13
‘Réctel Tcip . +95.25 Rectal Teay. = 010x + 98,09
Rectal Teop. ==.0 +°99,1% Rected Tenp, = (02Ax + 97.82
Featel Teop, x + 99.07. ‘Rectal Tenp. = 102kx + 97,59
Rectel Temp 20x + 99.16 ‘Rectal -Tenp, = .026x +.97.35
Rectdl Dénp, =.-.023%+ $9.05 -Rectal Temp., = .525x +.97.37"
of skin folds'has.a positive regression slope, shoving the higher
the sum of skin foids the higher tie rv <trlitazzerature, “Age shows o
censistent' trend over the cocling perfod with the.slopc of the
-regression bedeaing steeper os-bedy leat. is 1ast. ifni;«‘sw_g;gsts.thnt‘eae
ks sn inereatisyly. ibpoftant role -ia rectal:tempercture with.the iength.
of tize'the persen s cooled. Despite sese wiciction during the:first
tirge tine pericds of hensureients then appears to be an overell rise in
tie stecness of the slope when relating $kin folds té rectal témperature
alsc suggesting thnt the inportenze of the-fat thickness -increoses with
the dlength of tize of cooling.
In Todble 8 menn weizhted skin tesperature prediction-i5 showm
on $he bacis oflasg.. Ro.other varichll shewed consistent significent
correlaticn te meon weighted chia'temperaturé, The assecciction-is
-pegetive fndieating thot-the older the sdividucl-the lover the tenn

weichted skin Temperature.




Tehle.8

Perres"iex: *c'- rr\.diﬂti e 1iCan
weighited. skin tc::-x..:-::tu.. frem :.ge
Chincherd Indians

Ageé in véars
~.012x +-86.3)
- - C20x 8595

H.H.5.7. = -.225x + 85.22
MH.S.T. =-—-.011x + 84.T1

HUED :

~

HLS.T, = -.017x +.84.8)
H.L5.T = ~,625% + 85,01
120 HALS.T. = —.3273: +'8k(5T
Durirg the first hour of lcosling ne cgnsi;tgé.t” chsnre of the slere
of-the regressicn-epzears, bub Juring the secdnd heur of exdling the
fegessicn clope ihcrecsns in. Itsst.eunoss,.again suzgesting thot 88€ hes
ircreeding imporbatce £5 thencon welighted ékix}»t-mgeiz‘.fure vith the

axtensics: of bedy ewdling..

Direw ssion and -...clu.. .r:"

Tue onalysis. of body cherdctoristics in-relation te tomperstuve,

respenses in the four grours ol tuds tudy has shewn thet in hich altitude
ccid eqgomwe, dedv-fot. is sigaificont tn the. r*te of .ccol ing, 2ed’ o5 has
beer showa:nt lcwer-mititides for U. S, Whites it octs o5 insulct‘on.
Despite the sartlzass of the U..S, White 5oriple thi. nta clso.suggeet that
the mass of the fat-free bedy shmeld be considered os o sienificant fector

in the ¥ate end degree.cf.boly coolin ng.




In the :.‘nly:i’.s?{si::miticant Jiffererces betucen tfzeU, 'S.,t{hg;e
ana the Chinchéré Irdien croups ware-found. Aje-was the prine factor
in the Indiza greups in relation’to qvci-ali_. indgqcs»ofv':goéy csoling,
while fotand fab-freé welcht- vere of princ inportonce for theé thités.
Hevertheléss, this showld 66 be interpretéd s mecessorily. signifying
_a functioned-Qifférence between .the populetions.. The ese range in the U, S,
‘#nite senple ves'cuéh more linfted than the ece rdnce.in the Indian sanple
ond the body fat.ranpe was nuch grester in the U.'S, ;¥hite senple than it
wes: in the. Indien-rroup, It 15 thérefore rossible that.the differemces
in the selectfon of prire r;qﬂdoﬁ«énd"{n ‘the sicnj.fig:’znge of’
ccrrelations was m_:«mifqgt,cii sexpling ond not.a real g}iﬂ‘ergnce in-
the . zorulations.

The careful:nitehing Sf. the tvo University of Cuzco stulest
populetions should neko the deta obtained-from-their study helpful in

chosing between the olternatives of sanpling-ond real group differences.

“The. results of -the stulemt-ccopariscns surgest that the White, and Tndshn

vay not ressind  identicelly, end body- charecteristics roy not-have.the
sxze- relaticashiy to cocling responses in ‘the two rxoups. However, fim
conclusions o B5t.seen warrented, becduse of the scall smyple sizés
end-the rest¥icted ronge of age oné fatness in these posulaticms.

Uithin tuenty.rinutes aftcr the becinnins of the cooling exposure,
thé tee torpercturés ‘of the U. Si ¥hites reached almost.ardient
tenrercture.2nd.they renained at:this level throuchout'the test reriod..
Tae lock of veristility within the croup node any sicnificant correlatica
‘etwedni toe. tenperatures end body cheracteristics irmossible. ‘Toe-
‘tehreratiros. for. the stulent rrours are also low, thouch not as low os

»
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‘the “Jﬁ. S..Hhites: ’.‘.‘aly'!:.flcw‘."h;nche‘ré Idninn greup maintzined tee
téiperatures swstantinlly slove =bient. tunperatutes. As showasby
regrassicn nelysis, tac-neinténnnce of ‘tee.teapertture. was not’ inivéirsal
for the fhinchett individusls. The $2:31, thifChinchero man hied =
toe tenperature as ow. oS the-U. S, ¥nites ond only the Leavier end,
fetter iudividuals maintiined:clevatéd reading.

These results support.the sugsestion that the Chinchero Iéniens have
'e hicher peteboiic response.to-cold exposure, Since.fat free weight.is.
thé prine factor in prediction it night be deuced thot the crédter moss
of netebolically ‘ective tissue rroduces nore hewt ond this-is reflected.
in precter heat:flow to the extrenities.

The résults:of. the hand temperafure amalysis con.be interpreted
‘g5 suprorting this sicrestion. However, the group éifferences: ere not
So clearly.defined, perkans because ric.é nrm GoVerenmt them leg moverent
w£s Derzitted during the-test,

The Gverall tody teomeratire nesstrenents of rectal and mean
.weirkted skin tezperature, tlso suigest-sich an-intérpretation since the

‘negetive relationshiys between cre and these reasures nay‘reflect. the

declining ebility of the body with age ic support naxiral hest production.
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APPEIDIX A

BIVARIATE! CNFZIA"’O’-S IZ’.T’(E-. PODY
CEARACTERISTICS ‘AUD B0DY TRIFERATURE

.\t Init ial Dmc"..re to 14°
U S. ‘{hi'!.es N—S

Pee Edad “Rectal ilean *le*tjxted
Tex: perature -e:ne~ature Temperature Skin Ta:,,erature

.408 =.119: 837 -.658.
-.g76% - .>06 L90- .53h
713 276 59 -=.597
.228- .321 ~194 ~.556;
.30k -.170 $750 ~.880*
0162 .lis9 155 =541,
.110 2,268 L1856 =192

Luzdo YRiteés. 4=12

.29 20 004
277, sk
.0k - 271
+293 <.323.
Johu % -.217.
.310 - 315
052 334 .

Cuz *»aiar, =12

.35‘( ~.386
=228 -.184
=.633% =.CB1

.017. 22

.37k <,007;
-.081 <027

296 <0k

Chinckerd Indfans H=2k

Aze’
st.H
si.i
-BY
pA: 10
FFY
.sgy

St.H=Standing Height, Si.F‘S:ltting Peight, BH-Body "eight, ..BI-‘-Percent
Body Fat, FFi=Fat Ftee,‘.!eight S§F=Sum of Skin Fold.

‘®=p (.05 B
= pel0l ~22-




After 25 {linutes at 3U° C

U.f. ilites %=5.

“Toe ) Hend Pestal ilean Jeighted
Teapérature Tcuperature Terperature  Skin 'ranpemture

.62 .38, 2 -0
=238 -.837 013
.83¢= 4290 ~k35
—.283 lsa3 , 608
199 312 i758 <931
-.120. L8634 =57,
Z.083 .154 <.893%

.Cuzco '-v'hites !X-12 . R

R S 2050 -.130

0T 2R3 - <.385'
-0 =065 . -.23k

.28 «393 ~=s340. =272

.218. 3266 . =284

436 .382

L162 28

Cuzco-Indfans =12

W53 22
=274
=505

2153 k2

W67 «028

.05 1151

L436 .078

Chinchero Indiams K=2h,

. ~. k6w
St.H 376 ¥ -.C59; o222
‘Si.H. <342, .0137 +285
BU. Jhi92% . »13L 57
3 ~.203 2316 =100,
FFH L5328 080 T
ss7 28l =11 J3e -.083°

St. H=Standing:Height, Si.H=SIitting Height, ‘ Body "eight,‘ﬁnf‘;i’e,rcé\t
Body Fat, Fri=Fat Free Height, S5P=Sum of Skin l’olds.




Age

St.H

SiH-

B
B
Fre
SS7

St.d=Standing Heicht, Si. b-aittirr Heigat, .,J-Bcd,/ Heinnt iBP-Pcrceat Bo&y Fat,

Toe
Teppereture

=205
=517
~l78
~.159°
2125
=236

£225-

w2h2
-3 33
262
L
-.227;
JLgiTe
=212

After 40 _.-n.xte" a. 14°

C?xincbcrc -nﬂim-

Yig: Vnites =5

Eaad Hcct..l

Temperature

28T
=128
-.116
L758
.34
o8l
249

"Cizco bhites =12

~.c3%
099
-.12¢
.30
.285
+319
230k

-Cuzeo Tnliaas

4295
-23
—530%

123

.22

O3

i35

-:226
.16
w337
262

-.130
.255

=223

FF=Fat Free Veight,' SSI-‘=S|=: of's Skin Folds,

;0"1erafnr°

.862
=359
2306
794
e
.75k
RS

-~.2k5
~.163
~.1k6
@125
4220
+085
266

#=Dk.

~.52L%#
2162
‘:
.21-2
258
202
318

Haan
Skin

~.508-
«,107
=395
-.522
-.876
-.372,
.895'

.027
.C85

-=.026-

-.062
=.603.
-.018

%.'e-gnced
.e-:rerature



After:6C Minuzes st 10 ¢

Tee Hend Rzctal Meén Yuc-ghte
Pezperature Tezpersiure Tecperaturc’ Skin .e-pera.ure
=.237 25 1T -.S5ET
-0.9 .330 -.53L -.149
LALT ~.290 Li3h ~.257
-.caL 2015 .83 -.550
016 119 JTET. -.ha3¢
2,368 % (7 .02 <.kok.
‘.Zlm ek, . 508, ~.995%

Cuzeo Whites =12

.022 2254, -.256
.202 =160 482
=215 288 -.183.
590 <167 =250
63 359 ~.155-
425 =.269 -.2%0.
sGL3* o5 =251

Caces Indians =12

.23 -1k 26
=275 =099 =355
=513 -.C1%- =.53k

pakig .394 ~.325°

J382 155 -.3k2

023 «179 .285

. .,25 200 2345

Chinchore Tndions W=k

- 205 = STTH .21
136 196G .256
353 39 22T
216 256 008

=abt a3 -asg

«235 <232 032
=6 .38 -.163.

St.} = Stending Height, S8 = i:t:...:- Height, m =.%eight, S8F = Pcrcent
Fat, ?I-"n' = Pat Free 'c.eisht, '35F - a.n 62 Skin Folds

® =.p.
%=,




After 50 ."!S.xmtz;-s et lk":é

H‘utes .X 5

Tee Hong -Reetpd

fezperature Terpefature :.c::pemture

D02
-.330
~.229
650
,.LCS"
716
222

Cuzco Whites U=12;

105
-.084%
-.320

+350

5"“!
264
599

_Cuzco:Izifanz %212

kg2
~.606
-.Lss
JAax
2255
6T
166

C.‘vrc-‘erw I'm_:m .a-2:.

—-479
‘2*3
Jhzow
.3'Jh
274

.32
3.
-.130.

Si:.!i’?sSta:xdinsr‘;lci-:} Si.M. = Sittiag. —xciz"xt Bd = Weight, ZB: = Pcrcent

Fzr; FFR = Fet'Freo ‘dexght‘ S5T. = Su= of Skin- r:)lcs.

- T
= p, 02

T

Heen, Reighted:
Ckin Tezperature

-.528

+235
<475
~.500
-8k
=356
-.857

-.252
37
275
<107
-.043
220

=007




After 160 Hinutesn-at 2L° ¢,

U.5.. ¥hited H=5

“Tee i flena Rectal Mean Weighted
Temperature Tetperature Tenperature Skin Tezpersture

-.393 .020 €65 -.588
246 <20 =465 185
S8 —. 2- T . : =479

=.633 620 -.518.
-.256 233 ; .873 :

<11 .136 2 -.389
=054 05€. -.868

262 T3 0 ~.287

J1ch -.068" s i-, 391.
-2, ~.352

Ghl*. 113

.696%" .295.

-553% 053

-593% 255

Cuzco _nd'.:xl

-.010

Chicchero Indians H=ol

Age 295 -, 2542 = 50288

St.H 2ok bl «233. 2137
‘S5 $353 .352 .28 .2k9°
= Lgo® 383 322 Ol
%oF =278 =+ -:021 352 -.082
SFY J520%E <33 272 060
SSF- =233 095 Jake <.092.

St.l.:= Stend.np Helight, Si. Ho ~.Sitting Leight, BN = Heit,‘lt, £38F = Percent
Pot, FTW -.Fct Frec ‘Weight, 'SST = = Swx of. Skin Folds

®= p. W3
*®.4+ p, 0L




.\“ter 12 I Linutas ol 1Le C.

Zoe ) Hend Reétal Hean Weighted
Tengercture ‘Tesperatare Tecperature Skin Tornemture

-:228 2181 +666- -.297

=.h23 ~.535 ~.h25. .34
2159 030 .234 =.3k9
ek <357 Y52k ~.99
.259 -.01% .8u3 =743
.G85 +505 ~923% <.288
L54 -.219° .10 -.829:

Cizeg White J=l2-

=020 -.087
JA52 .ho2
5153 ..1C5 2,025
.293 ‘ =377
RN 35 <156
W3k ~.168
KTk ¢35/ - 219"

‘Cuzeo_Indien K=i2

=071

~.33%

- k30
052
3k
008
335

Chinghare . Ipdien E=0h

-.243 -,612%% R LS
.273 «AT7 L1281
t <379 .348 272,
2‘»5 . . <343 270 +055-
¢y . ~2129 299 -.010
FF¥ . 333 22h +057.
8§57 4 =053 <372 +002

St..H. = Standing Helgat, S%. K. = Sitting Height, Bw = Weicht, § OP.= Pércent
‘Fat, FF4 = Tt Free-Jeicht, SSF = Sux of Skin-Folds..

*=p. .05
%8 n.p, 01
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